The advent of recombinant DNA technology has revolutionized biological and genetic research (9, 10) . These technologies have allowed us to perform previously unthinkable tasks, such as the sequencing of the human genome and the deletion of a gene of interest in animal models (6, 14, 21) . Most of the commonly used cloning vectors are derived from bacterial plasmids, which are self-replicating extrachromosomal DNA molecules found in virtually all bacterial species (1, 9) . Most plasmids are double-stranded, circular DNA molecules, and their replication is coordinated with that of the bacterial host (16, 19) . Plasmid vectors used for molecular cloning are primarily derived from E. coli plasmids. These vectors possess three common features: a replicator, at least one antibiotic selectable marker, and a multiple cloning site (MCS). The replicator is a stretch of DNA sequence that contains the origin of replication ( ori ) and encodes the RNAs and proteins required for plasmid replication in host cells. Although the mechanisms underlying plasmid copy number control are still the subject of extensive investigations, it is believed that the replicator may play a pivotal role in determining the copy number of a given plasmid in different host cells (11, 20) . Most cloning vectors contain a replicator derived from the prototypic ColE1 origin. Although both pBR322 and pUC19 plasmid vectors contain similar replicators from the ColE1-related pMB1 (4, 13) , subtle changes in the replicators render them significantly different in their ability to maintain their copy number in host cells. As a result, in most host cells, the pBR322 vector is maintained at 100-300 copies per cell, whereas the pSL301plasmid with the pUC19 replicator contains 1000-3000 copies per cell (3, 5, 22, 25, 26) .
Although recombinant DNA technology has been established for more than two decades, subcloning large DNA fragments remains a rather challenging maneuver (15, 18) . Our previous experience with the construction of the AdEasy ™ (www.coloncancer.org/ adeasy.htm) and other large vectors suggested that the cloning efficiency of large DNA molecules might be affected by the copy number of a given vector. Higher cloning efficiency was seemingly associated with the use of a lower copy number vector (12) . This phenomenon was particularly true when larger inserts (e.g., >3 kb) or larger destination constructs (e.g., >10 kb) were involved. In this report, we sought to test the above observations using a more definitive approach.
To ensure that a lower copy number vector was structurally comparable to a high copy number vector (i.e., pSL301; Invitrogen, Carlsbad, CA, USA), we engineered the pMOLUC vector that contains a pBR322-derived replicator. Specifically, a 507-bp fragment containing the MCS was PCR-amplified from a pSL301 vector using the M13 forward and M13 reverse primers, 5 ′ -GTAAA -ACGACGGCCAGT-3 ′ and 5 ′ -GGAA - 
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Reprints@Bi o Techniques.com ACAGCTATGACCATG-3 ′ . The amplified fragment was blunt-ended and subcloned into the pBR322 vector at the blunted Eco RI and Bsp EI sites. The DNA sequence at the cloning junctions and the insert orientation were verified by DNA sequencing and restriction digestions. Figure 1A illustrates that the pMOLUC vector has a backbone similar to that of pSL301, except that the replicator of pMOLUC was derived from a pBR322 plasmid (2) . The fulllength sequence of pMOLUC is available at http://mywebpage.netscape. com/ucmolab/home.html.
To generate a pool of DNA fragments of various sizes, we used a recombinant adenoviral plasmid (approximately 34 kb). When this plasmid was digested with Nco I, more than 20 fragments were produced with a broad range of size distribution: one fragment was less than 100 bp; five fragments were 100 bp to 1 kb; 10 fragments were 1-2 kb; one fragment was 2-3 kb; and three fragments were greater than 4 kb. However, please note that potential partial digestions and/or possible con - 
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catamerization of digested fragments would likely shift the size distribution to larger fragments. The plasmid (5 µ g) was digested with Nco I, followed by the subcloning of the digested DNA pool into the Nco I site of the pMOLUC and pSL301 vectors with T4 DNA ligase (Invitrogen) at 16°C for 4 h. To reduce the ligation background, the Nco Idigested vectors were treated with calf intestinal alkaline phosphatase (New England Biolabs, Beverly, MA, USA). Ligation products were transformed into DH10B E. coli cells, and recombinants were selected on LB/ampicillin plates at 37°C. When the same amounts of pMOLUC and pSL301 vectors were used for ligation and transformation, the pSL301-based ligation yielded more colonies, approximately two times those of pMOLUC ( Figure 1B) .
Recombinant colonies were randomly picked up and grown in 2 mL LB/ampicillin (50 µ g/mL) in a 37°C environmental shaker overnight. The plasmids were purified using the alkaline lysis procedure. After being resolved on 0.8% agarose gels, the majority of clones derived from pMOLUC were significantly larger than those from pSL301 ( Figure 2 , compare A and B). These results were further confirmed by restriction digestion. When digested with Nco I, most of the clones derived from pSL301 produced an insert smaller than 2 kb ( Figure 2C ). Conversely, most of the clones derived from pMOLUC yielded significantly larger inserts ( Figure 2D ). Specifically, all of the clones derived from pMOLUC contained an insert greater than 2 kb, and 50% (10 of 20) of them contained an insert larger than 3 kb ( Figure 2D , lanes 4, 5, 9-11, 13, 16-18, and 22). One clone even contained an insert that was greater than 7 kb ( Figure 2D , lane 18). It should be pointed out that one of the clones (Figure 2 , B and D, lane 17) might be a mixture of two separate clones, although it seemed that both clones contained large inserts. Thus, our results have demonstrated that pMOLUC indeed exhibits a higher cloning efficiency for larger DNA fragments than pSL301, which suggests that the cloning efficiency of large DNA molecules could be significantly improved by using a lower copy number vector. It should be pointed out that cloning large DNA fragments into a high copy number plasmid vector is still possible; however, it is more difficult (23) . In addition to containing the pBR322-derived replicator, pMOLUC represents a versatile cloning vector with a superlinker containing more than 56 unique cloning sites, which is flanked by M13 forward and M13 reverse primer sequences. This vector also contains the T3 and T7 promoters flanking the linker site, which are suitable for in vitro transcription from either strand. Several studies have reported the construction and utility of lower copy number vectors in molecular cloning (7, 24) . One possible drawback of using a lower copy number vector is that the DNA yield is lower. Because the replication of pMB1-derived plasmids does not require plasmid-coded factors and relies entirely on long-lived host enzymes, a practical means to increase plasmid yield is to add antibiotics such as chloramphenicol or spectinomycin at the early stage of amplification. These drugs can inhibit host protein synthesis and prevent replication of bacterial chromosome, while the plasmids continue to replicate until several thousand copies accumulate in the host cell (8) . Nevertheless, the quantity of DNA obtained from a routine amplification should be sufficient for most molecular and cell biology experiments. Interestingly, several low copy number replicator-based vectors (i.e., <20 copies per cell) have been used for constructing YAC or BAC genomic DNA libraries (17) . Although subcloning a large fragment (e.g., >100 kb) into these vectors is efficient, the extremely low DNA yield prevents their widespread use in molecular cloning experiments. Therefore, the pBR322-based vectors (e.g., pMOLUC) are probably the preferred choice for most conventional cloning experiments because they provide a high cloning efficiency for large DNA fragments (up to 30 kb) yet produce a reasonable quantity of DNA.
